Future flight Schedules are generated based on air traffic demand forecast for the purpose of aviation planning and performance analysis studies. A selection process needs to be designed and implemented by sampling historical operational data for each fiscal quarter and choosing representative days that best reflect seasonality in terms of a given set of performance metrics.
Introduction
FAA's Air Traffic Organization produces Future Schedules for the purpose of aviation planning and performance analysis studies [1] [2] [3] . A major design criterion for the ATO future schedules is to reflect trends in the National Airspace System (NAS) that occur by season over the course of the year. To accomplish this goal, a selection process needs to be designed and implemented by sampling historical operational data for each fiscal quarter and choosing representative days that best reflect seasonality in terms of selected performance metrics.
For practical purposes, the existing implementation of the selection process focused on analyzing 4 peak seasonal days and 4 off-peak seasonal days. A uniform busy day, based on a 90% Day Score is calculated by computing the percent difference between the 90% day traffic volume and the traffic volume of any given day. The selection of the peak days is based on the 90% Day Score with the days closest to the 90% day traffic volume chosen. The offpeak days are selected in such a way that the overall difference (typically arithmetic averages or weighted averages) between the selected sample days and the entire population of a given quarter are minimized in terms of the defined metrics. However, the existing procedure is largely a manual process performed mostly through inspection and not though an optimized computer program. If there are a large number of dimensions to be measured in the defined metrics, the process becomes computationally intensive and even intractable.
Random sampling technique has also been used to generate an improved and even coverage across the distribution of the selected metrics with a larger sample size of 36 days. However, the random sampling technique provides no guarantee to produce the "best" selection. Without using advanced optimization techniques, the "best" selection would require a complete enumeration of all possible selections which is known to be computationally intractable.
To overcome the computational difficulty that is inherent in the existing process we propose an optimization based solution method for the sample day selection problem. We formulate the problem as a Mixed Integer Program with the objective to minimize the weighted difference between the true population and the sample in terms of the defined metrics and subject to a number of constraints. The variables are binary variables representing the days in a given fiscal year. The Mixed Integer Program then minimizes the difference between the true average and the sample average for all 4 parameters over all airport and center facilities.
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The computation results showed that the MIP solution outperformed the other two methods in terms of the objective function defined by the MIP formulation. With more sample days selected, the performance of MIP solutions are consistently better. Based on the experiments that we have conducted, the MIP method proves to be a robust approach for the sample day selection problem. It is also quite flexible in the sense that any expert domain knowledge can be incorporated into the formulation as long as it can be expressed mathematically.
Methodology
We formulate the problem as a Mixed-Integer Program with the objective to minimize the weighted difference between the true population and the to-be-selected sample in terms of the defined metrics and subject to a number of constraints including:
• The sample size (number of days to be selected) constraint • Coverage requirements o same number of days per quarter or month o minimum number of Peak or off-peak days • Inclusion of the 90% planning days given by the current FAA process • Any other ad-hoc conditions
The variables are binary variables representing the days in a given fiscal year. The value of the variable is either 1 if the corresponding day is included in the sample or 0 if it is not. The data required in the problem include OPSNET counts and ASPM delay for the Core 30 airports and ATALAB counts and flight hours for both the 20 CONUS, Alaska and oceanic centers. The mixed integer program then minimizes the difference between the true average and the sample average for all 4 parameters over all airport and center facilities.
To define the formulation more precisely, we introduce the following notation.
where
= weighted average of absolute differences by airport/center for metric i,
• m Q = set of peak days selected in quarter m,
• N = sample size,
• T = set of days in a fiscal year,
With the above notations defined, we can write the problem formulation as follows.
Note that mathematically this is a linearly constrained minimization problem, with objective function being a sum of absolute values of linear functions. However, the absolute values
in the objective function can be replaced by breaking down each item into a combination of positive differences and negative differences [4] . Thus the model above can be converted to a mixed integer linear programming problem as defined below.
( )
Furthermore, additional terms in the objective function and more constraints can be added to the base formulation as desired.
Experiments and Results
We have tested the MIP model with data from fiscal years 2008-2010 with target sample sizes of 8, 12 and 16. The four performance metrics used for the analysis are the daily flight counts for each of the 30 Core airports, the average delays associated with the flights at these airports, the daily flight counts for each of the Air Route Traffic Control Centers, and the average flight hours for the flights tracked by these centers. With the daily records of these metrics provided as input to the MIP model, the goal of the optimization is to pick a subset (sample) of the days such that the average values of the selected sample will be closest to the average values of the entire population for any given fiscal year. In the following, we report the results under three scenarios.
The Base Scenario (S1) is defined exactly as the formulation given in the previous section where the pre-selected 90% uniform days are fixed as part of the sample. Specifically, the 4 peak days determined by the scoring method for the 90% uniform busy days will be fixed in the MIP model. The rest of the days in the sample will be picked by the optimization algorithm. Table 1 shows the selected days for the cases of 8, 12 and 16 sample days, and Table 2 provides the corresponding performance metrics in comparison with the other methods.
The MIP programs were coded in OPL scripts using IBM/ILOG CPLEX Optimization Studio [5] . Our testing results showed that the computation to obtain the optimal solution was reasonably fast. It typically took a few minutes to solve the 8-day problem and up to a few hours for the 16-day problem. Furthermore, a decomposition technique has been investigated by exploring the structure of the MIP formulation to reduce the computation time substantially. Table 1 shows the selected days obtained for the model for the base scenario with the sample size of 8, 12 or 16. In Table 2 , the results from the optimization solutions are compared against the corresponding results using either the existing manual scoring method (MSM) with 8 sample days or a random sampling method (RSM) with 36 sample days. The columns labeled %diff1 in Table 2 are the average percentage errors, and the columns labeled %diff2 are the average absolute value percentage errors as defined in (1) . The comparison shows the MIP solution generally outperformed the other two methods in terms of the average performance metrics which are closer to the actual averages. Particularly, with more sample days selected, the performance of MIP solutions is also consistently better. where the percentage performance differences between the sample averages and the averages of the actual data are plotted at the airport/center level. The FY09 actual averages by airport/center are also plotted in the same figures against the second y-axis.
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The objective function of the MIP method implies that higher weights are given to the airports with higher numbers of flight counts (or delays, etc.). As a result, the percentage performance differences for those airports will be minimized with a higher priority relatively to that of airports with small numbers of flight counts (or delays, etc.) For example this can be seen in Fig.1 , in which the airports near the right-hand side of the figure typically have smaller percentage errors. Some percentage errors from the MIP solution for the airports near the lefthand side of the figure may appear to be larger than that of MSM or RSM. However, they carry less weight given the smaller number of flight counts at those airports; therefore, do not contribute to the objective function as much as those airports near the right-hand side of the figure. Another observation from Figures 1-4 
